Increasing evidence has revealed the importance of microRNA (miRNA/miR) in cancer genesis and progression. The aim of the current study was to identify the key miRNAs involved in the onset and development of nasopharyngeal carcinoma (NPC) and to further evaluate their diagnostic and prognostic values. Microarray data were obtained and analyzed to screen differentially expressed miRNAs (DEMs) between patients with NPC and healthy controls. The target genes of the DEMs were predicted and their possible functions were evaluated. The diagnostic and prognostic values of the DEMs were subsequently investigated. A total of 4 DEMs, including miR-18a, miR-135b, miR-204 and miR-497, were identified. Gene Ontology (GO) and pathway enrichment analysis revealed that the target genes were enriched in a number of GO terms and signaling pathways. The results demonstrated that the selected DEMs may present potential diagnostic factors for NPC. In addition, miR-18a [Hazard ratio (HR), 3.405; 95% confidence interval (CI), 1.334-8.693] and miR-135b (HR, 2.482; 95% CI, 1.014-6.076) may serve prognostic roles for patients with NPC. In summary, the present study identified 4 miRNAs that may be involved in the genesis and development of NPC. In addition, miR-18a and miR-135b may present useful prognostic markers for patients with NPC. Future in vitro and in vivo investigations are warranted to substantiate the results obtained in the current study.
Introduction
Nasopharyngeal carcinoma (NPC) is a squamous cell malignant tumor arising from the nasopharynx. The incidence of NPC in Southeast Asia reached 20 cases per 100,000 people in 2003 (1) . Currently, the standard treatment strategy for patients with NPC is chemotherapy and radiotherapy (2) . Despite advances in the treatment of NPC, the rate of disease recurrence remains high, with a 5-year recurrence rate of 10.8%. Disease recurrence typically occurs within a few years of treatment completion and is associated with poor prognosis (3) .
The molecular mechanisms underlying the development of NPC are complex have not yet been fully elucidated. Previous studies have revealed that a number of genes and signaling pathways may be involved in the genesis and progression of NPC. For example, high expression levels of Janus kinase 2, signal transducer and activator of transcription 3 and vascular endothelial growth factor may be associated with the clinicopathological characteristics and prognosis of patients with NPC (4) . Overexpression of the downstream mediator of protein kinase B (AKT), NUAK family kinase 1, may also be a prognostic factor for NPC (5) . Furthermore, increased expression of the transcription factor, SRY-box 2 (SOX2) has been observed in NPC, and may be associated with the prognosis of patients with NPC; in vitro assays have revealed that SOX2 recruits the nuclear transcription factor, Kruppel like factor 4, to bind to the phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit α promoter and upregulate its expression, thus enhancing phosphoinositide 3-kinase (PI3K)/AKT signaling and NPC tumorigenesis (6) .
microRNAs (miRNAs/miRs) are a class of short non-coding RNA sequences that bind to the 3'-untranslated region of mRNAs and inhibit their translation (7) . As such, miRNAs may modulate various biological processes by regulating gene expression. miRNAs have been implicated in the genesis and/or development of a variety of disorders, particularly in cancer (7) . Previous studies have revealed that miRNAs may serve roles in the development of NPC, and may provide novel therapeutic targets. miR-185 negatively targets homeobox C6 and promotes cell apoptosis by inhibiting the transforming growth factor β1/mechanistic target of rapamycin (8) . Similarly, miR-379 negatively regulates the growth and migration of NPC cells by suppressing tumor protein D52 expression (9) . Modulating the expression levels of the aforementioned miRNAs may be a potential therapeutic strategy for NPC. However, studies investigating the roles of miRNAs in NPC remains limited. Therefore, the identification of miRNAs that serve important roles in the genesis and development of NPC is required. The present study aimed to screen miRNAs which may serve important roles in the development of NPC, and to further assess their diagnostic and prognostic values. Differentially expressed miRNAs (DEMs) between NPC tissues and benign nasopharyngeal tissues were identified by analyzing public microarray-based data. Their target genes were subsequently predicted and their potential functions were annotated. The diagnostic and prognostic values of the miRNAs in NPC were then further assessed.
Materials and methods
Data source. To obtain DEMs between NPC tissues and benign controls, microarray-based datasets were retrieved from the Gene Expression Omnibus database (ncbi.nlm.nih.gov/geo). Datasets that met the following criteria were selected for inclusion in the study: i) Datasets obtained from Homo sapiens; ii) datasets that contained normalized data regarding healthy adjacent tissues from the patients with NPC or from healthy controls; iii) datasets amenable to analysis by online tools or/and other software including dCHIP (version no. 2011.01; www.hsph.harvard.edu) and R.
Screening of DEMs. The selected miRNA expression profiles were analyzed using the GEO2R web tool (ncbi.nlm.nih. gov/geo/geo2r/), based on the limma R package from the Bioconductor project. The results were downloaded in text format, in which the miRNAs that met the cut-off criteria of P<0.05 and a |log fold-change|>1.0 were considered as DEMs. dCHIP was used for datasets that could not be analyzed by GEO2R as the Matrix data required manual filtering. A paired Student's t-test was used to compare the two groups (NPC vs. controls).
Determining the intersection of DEGs. If there were ≥2 datasets that met the aforementioned cut-off criteria, the overall range of the DEMs may be large as different datasets may generate different ranges of DEMs. To narrow the scope of the DEMs, the intersecting DEMs from each dataset were identified using Venn diagram analysis (10) .
miRNA target gene prediction and functional annotation. Several computational miRNA-target prediction tools have been developed to predict target mRNAs of DEMs. The mirDIP database integrates a number of tools that can reduce the weaknesses of individual tools (11) . Therefore, target genes of the DEMs in the current study were predicted using the mirDIP database. An integrative score, which was statistically inferred from the obtained predictions and assigned to each unique miRNA-target interaction to provide a unified measure of confidence, was introduced. Candidate mRNAs with integrated scores of >0.8 were selected as target mRNAs in this database. To annotate the functions of the predicted target genes, Gene Ontology (GO) (12) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis (13) was performed using the Kobas tool (version 3.0) (14) . P<0.05 was considered to indicate a statistically significant difference.
Association between DEMs and clinical features, diagnosis and prognosis of NPC.
To evaluate the association between the expression levels of DEMs and the clinical features of patients, and to further determine their diagnostic and prognostic values, datasets containing a cohort of patients with NPC with sufficient information were retrieved and selected for analysis. The expression levels of the screened DEMs and the associated clinical data were extracted from the datasets. The diagnostic and prognostic values of the DEMs were subsequently assessed as mentioned below.
Statistical analysis. Chi-squared values were calculated to evaluate the association between the expression of the DEMs and clinicopathological features. The diagnostic accuracy of miRNAs was measured using receiver operating characteristic (ROC) curves and the area under the ROC curve (AUC). The optimal diagnostic point of the signature was assessed at cut-off values with the largest Youden's index (sensitivity + specificity -1). The probability of survival and its significance were evaluated by using the Kaplan-Meier method and Cox proportional hazard models, respectively. Log-rank test was used to compare the survival rates between low and high expression groups. Two-tailed P<0.05 was considered to indicate a statistically significant difference. All statistical analyses were performed using MedCalc software (version 11.1.1.0; MedCalc Software, Mariakerke, Belgium).
Results

Identification of DEMs from the miRNA expression profiles.
Two miRNA expression profiles, GSE22587 (no available reference) and GSE46172 (15) , met the aforementioned inclusion criteria and were selected for the purposes of the current study. These datasets comprised non-coding RNA profiling data generated by array analysis. GSE22587 was deposited by Li et al. The dataset was generated using the Illumina Human Beta-version microRNA expression BeadChip (Illumina Inc., San Diego, CA, USA) and contained 8 NPC tissue specimens and 4 benign nasopharyngeal tissue specimens. GSE46172 was based on the Agilent-031181 Unrestricted_Human_ miRNA_V16.0_Microarray (miRBase release 16.0 miRNA ID version; Agilent Technologies, Inc., Santa Clara, CA, USA) and contained 4 NPC specimens and 4 controls.
GEO2R analysis identified 18 upregulated and 20 downregulated miRNAs from the GSE22587 dataset, and 30 upregulated and 36 downregulated miRNAs from the GSE46172 dataset. In this context, upregulated miRNAs were downregulated in NPC tissues relative to the controls, while downregulated miRNAs were upregulated in NPC specimens compared with the controls.
Intersection of DEMs.
To narrow the range of the DEMs identified, Venn diagram analysis was used to identify the intersecting DEM profiles. A total of 2 upregulated and 2 downregulated DEMs were identified in the intersection (Fig. 1A) . The upregulated DEMs were miR-204, and miR-497, and the downregulated DEMs were miR-135b and miR-18a.
Prediction of miRNA target genes and annotation of their functions.
A total of 417 genes with integrated scores of >0.8 were considered as predicted target genes. The Kobas tool was used to annotate the putative functions of these target genes. GO analysis revealed that the targeted genes were enriched in 2,340 GO items. The results revealed that these genes may be associated with a number of biological processes, including regulation of gene expression, cell metabolism, structure development and compound binding. The top significant items were 'intracellular part', 'protein binding', 'intracellular organelle', 'regulation of biological process' and 'cellular process' (Fig. 1B-a) . The results indicated that various aspects of biological processes may be involved in the genesis and development of NPC.
KEGG analysis revealed that the target genes may be enriched in 108 signaling pathways. The most significant pathways were 'proteoglycans in cancer', 'pathways in cancer', 'MAPK signaling pathway', 'longevity regulating pathway', 'oocyte meiosis', 'microRNAs in cancer' and 'PI3K-AKT signaling pathway' (Fig. 1B-b) . These results suggest that multiple signaling pathways may mediate the onset and progression of NPC.
Diagnostic value of DEMs in NPC.
To further assess the roles of the DEMs in NPC, the GSE36682 dataset was downloaded for analysis. The GSE36682 dataset includes non-coding RNA profiling results generated using the Human miRNA 1K array. The data were deposited by Wei et al (no available reference). This dataset contained 62 NPC tissue specimens and 6 nasopharyngitis tissue specimens.
To test whether the expression of these DEMs can distinguish patients with NPC from the controls, ROC curves were constructed. The range of the AUCs of these 4 miRNAs (miR-204, miR-497, miR-18a and miR-135b) was 0.778-0.911 (Table I; Fig. 2A ), suggesting that any of these miRNAs may be used as a potential biomarker to distinguish patients with NPC from healthy controls.
Association between DEM expression levels and clinical features. The expression levels of the DEMs from the GSE36682 dataset were classified as high or low according to their median expression levels. The association between the expression levels of these miRNAs and the clinicopathologic parameters are presented in Table II . Details of four confounding factors, including age, gender, metastasis status and maximum diameters of lymph nodes, were available in the dataset.
No association between the expression levels of the 4 miRNAs and 3 factors, including age, gender and maximum diameters of lymph nodes, was observed (P>0.05). However, for miR-18a and miR-135b, a significant association with metastasis status was observed (P<0.05), indicating that high expression of miR-18a and miR-135b expression may be associated with metastasis.
Prognostic value of the DEMs in NPC.
Survival curves were generated to assess the association between the expression levels of the DEMs and the prognosis of patients with NPC. The log-rank test did not reveal any association between the expression levels of miR-204 and miR-497 and the overall survival rate of patients with NPC (Fig. 2B) . However, the survival curves revealed that the low miR-18a-expression group had a significantly longer survival rate compared with the high miR-18a-expression group (P<0.05). Similar results were observed for miR-135b (P<0.05; Fig. 2B ). These results indicated that high expression of miR-18a or miR-135b may be associated with a poor prognosis for patients with NPC. Cox proportional hazard regression analysis was used to analyze the effects of the confounding factors on the survival time of patients with NPC. Univariate analysis revealed that metastasis [hazard ratio (HR), 13.343; 95% confidence interval (CI), 5.138-34.648], miR-18a (HR, 3.405; 95% CI, 1.334-8.693), and miR-135b (HR, 2.482; 95% CI, 1.014-6.076) may be prognostic indicators for patients with NPC (Table III) . However, multivariate analysis revealed that only metastasis (HR, 12.140; 95% CI, 4.355-33.839) may be an independent prognostic indicator for patients with NPC. Thus, although miR-18a and miR-135b may be prognostic factors, they are not independent prognostic indicators for NPC patients.
Discussion
The incidence rate of NPC is high in South Asia (1) . A previous study investigated the roles of miRNAs in the development of NPC (16) . However, the molecular mechanisms underlying the development of this disease have not yet been fully elucidated. The current study identified several DEMs that may be involved in NPC by analyzing microarray-based data. The predicted target genes of the identified DEMs were enriched in a number of GO items and signaling pathways. The results identified 4 DEMs that may be used as potential biomarkers to distinguish patients with NPC from healthy controls. In addition, miR-18a and miR135b were identified as potential prognostic indicators for patients with NPC. miRNAs exert their influence on biological processes by targeting specific mRNAs. Thus, the functions of the target genes may reflect the roles of miRNAs in the biological processes involved. In the present study, pathway enrichment analysis suggested that the mechanisms by which the 4 DEMs contribute to NPC progression are complex. A pathway crosstalk network may be used to determine how different biological processes coordinate with each other. However, the primary aim of the present study was to annotate the possible functions of the target genes. Therefore, bar charts instead of a crosstalk network were used to present the pathway items.
A previous study revealed that miR-18a may be highly expressed in lung cancer and may function as an oncogene in the development of the disease (17) . Increased circulating miR-18a may also be a prognostic factor for lung cancer (18) . A meta-analysis revealed that miR-18a may be a promising biomarker for the diagnosis of patients with gastric carcinoma (19) . The results obtained in the current study are in accordance with the aforementioned studies. However, an additional study demonstrated that miR-18a may serve a role as a tumor suppressor by inhibiting cell proliferation and inducing apoptosis in ovarian cancer (20) . Thus, miRNAs may serve different roles in different types of cancer or in the same type of cancer under different conditions. In vitro overexpression of miR-135b promoted the progression and migration of gastric cancer and by targeting CKLF like MARVEL transmembrane domain containing 3 (21) . miR-135b promoted the migration, invasion and epithelial-mesenchymal transition of pancreatic cancer cells by targeting nuclear receptor subfamily 3 group C member 2 (22) . The results obtained in the aforementioned studies are consistent with the results of the present study, suggesting that upregulation of miR-135b may contribute to NPC progression. In the current study, miR-204 expression was downregulated in NPC tissues when compared with controls. A previous study revealed that miR-204 may exert antitumor effects on melanoma cells (23) . miR-204 may decrease the growth, migration and invasion of colon cancer cells by deactivating the PI3K/AKT/mTOR signaling pathway and targeting C-X-C motif chemokine ligand 8 expression (24) . Therefore, miR-204 may function as tumor suppressor in NPC.
In the present study, miR-497 was observed to be downregulated in NPC tissues compared with healthy controls. miR-497 may inhibit renal cancer cell proliferation and (27) . In the present study, univariate analysis revealed that metastasis, miR-18a and miR-135b were prognostic indicators for NPC. Multivariate analysis revealed that only metastasis was an independent prognostic factor for NPC. Since miR-18a and miR-135b may be associated with metastasis, these miRNAs may target genes that serve roles in the invasion and migration of NPC cells. Although miR-18a and miR-135b were not independent prognostic factors for NPC, they may be useful biomarkers for monitoring NPC prognosis. However, the current study did not investigate how these miRNAs may affect the prognosis of patients with NPC. Future laboratory experiments investigating the association of these miRNAs and their target genes are required to elucidate the underlying molecular mechanisms of NPC.
The present study had a number of limitations. Firstly, confounding factors only included age, gender, metastasis status and maximum diameter of the lymph nodes. Other confounding factors that may influence the results, including Epstein-Barr virus infection status, clinical stage of the tumor, and smoking and drinking status, were not evaluated in the present study, as this information was not available from the datasets. Secondly, only microarray-based data were analyzed in this study. Further experiments using cell models and clinical specimens are required to substantiate the results obtained in the current study. Thirdly, imaging modalities, including computed tomography and magnetic resonance imaging, may be used for the detection of cancer metastasis in patients. However, comparing the expression levels of the identified miRNAs with the results of imaging for predicting metastasis of NPC could not be assessed because the relevant data was not included in the datasets.
Despite these limitations, the present study revealed 4 miRNAs (miR-18a, miR-135b, miR-204 and miR-497) as key miRNAs that may serve roles in the genesis and development of NPC. The target genes of these miRNAs were enriched in multiple biological processes and signaling pathways. Among these miRNAs, miR-18a and miR-135b, may be associated with metastasis and may be useful prognostic indicators for NPC. Future studies using cell and animal models and clinical specimens are required to elucidate the molecular mechanisms in NPC.
